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(57) Abstract 

A crosslinked polyethylene or polypropylene glycol containing polymer which has a unique spatial structure and can be 
designed especially for application as a chromatographic resin or as a solid support for the synthesis of peptides, oligonucleo- 
tides or oligosaccharides or as a substrate for the immobilization of proteins. The polymer is formed by radical copolymerization 
of denvatized polyethylene glycol or polypropylene glycol bis-end substituted with a moiety selected from the group consisting of 
acryloylalkyl, acryloylaryl, acrylamidoalkyl and acrylamidoary! with an acrylic amide, nitrile or ester. When it is to be used as a 
sohd support or immobilization substrate, the polymer will incorporate a spacer comprising functional groups for the attachment 
of peptides, proteins, nucleotides or saccharides such as those selected from the group consisting of amino, alkvlamino, hydroxy, 
carboxyl, mercapto, sulfeno, suifino, sulfo and derivatives thereof. 
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Polyethylene or polypropylene glycol containing polymer 
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This invention relates to a crosslinked polyethylene or 
polypropylene glycol containing polymer which has a unique 
spatial structure and can be designed especially for appli- 
cation as a chromatographic resin or as a solid support for 
the immobilization of proteins or for the synthesis of pep- 
tides, oligonucleotides or oligosaccharides, 

BACKGROUND OF THE INVENTION 



When solid phase peptide synthesis was first introduced by 
Bruce Merrifield 1 it was performed on a support of 2% cross 
15 linked polystyrene allowing the preparation of a pentapetide 
by a batchwise synthesis protocol. This invention formed the 
basis of a technique, which has since been subjected to 
continuous refinement. With the synthesis of longer peptides 
it soon became apparent that the cross linking of the resin 
had to be optimized. The best results were obtained with the 
1% cross linked resin still used in the batch synthesis 
today 2 . A more polar dimethyl acrylamide resin suitable for 
peptide synthesis in polar solvents like DMF was developed 
in Sheppards laboratory 3 . 

25 

With the introduction of Fmoc-based solid phase synthesis 4 ' 5 
the much more efficient continuous flow process became a 
realistic alternative to the batch method. The available 
batch resins were however not flow stable and collapsed 

30 after a few synthesis cycles. It was well established that 
increased cross linking while increasing the stability of 
the resin would not lead, to useful properties for peptide 
synthesis. The first flow stable synthesis resin was 
obtained by polymerization of the soft polydimethyl acryla- 

35 mide gel inside a solid matrix of supporting kieselguhr 6 . 
This ingenious invention allowed the packing of columns, 
which were completely flow stable throughout the synthesis. 
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The principle was refined h » 

kieselguhr with a mo ^placing the irregular 

y i wun a more regular rioiH qns- 

Polystyrene sponge containing a graft L % 

acrylamide gel 7 . Rafted polydimethyl 

5 

importantly, flow stable a P Cal and ' more 

- su bstitutio r:rt he f ;;;: ± oo r roiied ^ 

yi xne tunctional arouDs in +-h^ 
lystyrene wi tn modified polyethylene J yo ^ c " 
amino group has also been described' Po, + carrying an 

°f Pcl y^ y .lene_ has l::ll us ^ tyrene *° 

Peptides under nonpolar conditions " and , * Srnth " 1 ' ° f 

» acryiate coated po ly prop y Xe„e" and be ^TT' 1 

> -~>:as^ti~ * 

became ^^sJ^T^^^ 
-action. The aescrlfced polym J of ^ - P; Ration 



SUMMARY OF THE INVENTION 
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The present invention provides a nnvoi 

containing polymer designed "p^™ ^ppTT " 
a «o» stable. hi g h l y po i ar solid sup^rTfor ^d " " 
synthesis Th„ „„i w c tor solid phase 

nesis. The polymer was constructed to be st»h,= „ 
continuous flow conditions and to be trail 
absorbance in the aromatic region to allo„ t hf °° 
metric monitoring o f reactJn „ithi I^TTt, 
furthermore form a high ly branched polymer ZL1 ^ 
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good swelling in polar solvents allowing uncomplicated 
assembly of even long peptides. The change in swelling 
should be insignificant throughout the synthesis, and the 
density of the resin should allow multiple column peptide 
5 synthesis. Therefore the resin was designed to be highly 
polar assisting peptide somatization, allowing penetration 
of polar components into the interior of the beads and 
preventing adherence to plastics. Finally easy preparation 
and low cost starting materials were considered to be very 
important for a successful synthesis resin. 

This is achieved with the polymer according to the invention 
which is formed by radical copolymerization of derivatized 
polyethylene glycol or polypropylene glycol bis-end sub- 
stituted with a moiety selected from the group consisting 
of acryloylalkyl, acryloylaryl , acrylamidoalkyl and acryla- 
midoaryl with an acrylic amide, nitrile or ester. 

A more specific polymer according to the invention is formed 
by copolymerization of a derivatized polyethylene glycol of 
the formula 
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(NH) 
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I 

wherein n is an integer of from 4 to 2000, q is zero or 1, 
and R is 

-(CR' 2 ) 8 -(C 6 R' 6 ) t -(CR' 2 ) u - 
where s, t and u each is zero or an integer of 1-10, and 
each R ' is H, alkyl, aralkyl or aryl, said aralkyl or aryl 
optionally being ring : substituted with alkyl, hydroxy, 
mercapto, nitro, amino, mono- or dialkylamino, or halogen, 
with an acrylic compound of the formula 
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R 1 R- 3 

\ / 

R 2 R< 
III 



wherein R 1 is -rv y e>s ^ „ 

.1*1, a™, ; c ; ; CN R ; o and f R3 and R4 each is h - 

is o, S or J< R5 T 3al t\ ' 

' y1 ' aralk yl or aryl, and R * is 

and °Ptionally wlth a SDace . Tol ! c ' e °r 

functional groups for the attachment^' 

nucleotides or saccharides. Peptides, protexns, 

^n^^o^r 3 ; 5 3 — — -r the synthesis 

substrate L th ° tideS " ° li9 ° SaCCh ^ or as a 

ostrate for the immobilization of proteins th. n , 

:i:: 0 r 9roup consistins 

carboxyl, mercapto, sulfeno, sulfino sm e n *J yaroxy, 
thereof. °' sulfo and derivatives 

A polymer accordina 1-n 

or oligosaccharides is fornrca P h ePtldES ' 01 ^on U cleotidas 

polyethyle ; e * ™t:T on h of : a 

lit R are as d — — — - ™L:r::: 



35 

0 CH 3 

CH 2 =CH— C— N / 

\ 

40 CH 3 

3 

and with a spacer molecule of the formula 
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NH 



CH 



I I 



wherein m is an integer of from 4 to 2000, and q and R are 
as defined for formula I above. 



15 



Preferred values of n in formula I above are between about 
20 and about 90, i.e. the compound is a derivative of PEG 1000 
to PEG« 000 . Preferred values of m in formula II are between 
about 4 and about 45, i.e. the compound is a derivative of 
PEG 200 to PEG 2000 . 
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A preferred polymer according to the invention is composed 
of 60% of bis-2-acrylamidoprop-l-yl-PEG 1900 (1), 20% of 2- 
acrylamidoprop-l-yl[2-aminoprop-l-yl]-PEG3 00 (2) and 20% of 
N,N-dimethyl acrylamide (3). 

Such polymers according to the invention may again be 
derivatized with any of the linkers normally used in peptide 
synthesis. Four well characterized linkers for peptide 
synthesis are 4- [ f luorenylmethyloxycarbamido( 2 , 4-dimet- 
hoxyphenyl)methyl]phenoxyacetic acid of the formula 



CH 3 0 



. CH3O NH-Fmoc 

4 

and 4-hydroxymethylphenoxyacetic acid 20 which are both 
cleaved in TFA producing peptide amides and peptide acids, 




SUBSTITUTE SHEET 
ISA/US 
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- c leaV e d by Photolysis . Th ; .T^rcTAT: 

[F m oc-amino(2,4-di m ethoK y p h en y l) me thvnnh 
5 where "Fn,oc» signifies »fL ^^^^Wetic acid 

9 165 fluoren y 1 '"eth y iox y carbon y l» . 

The present invention also relates -t-o 

ccn tinuous flo „ or batchulse - :;°" d t .: up -» '» 

nucleotides or oligosaccharides said peptl ' J «. 
- poller according to the ^Z.^^'^ ' 

:r;rrr:r tha t r°" - - ™: 

^atic reaction^ SUltaMe ^in, en- 



15 



20 



25 



30 



35 



The invention also relates to a sol.v. » 

s^is of c ":;i n sr 2Ymatl ° 

support comnr-i , ywjsyitransferases said 

1""^' the Mention relates to a resin for applica 

:::o™i:rar d Tor;T ations such - 

Poller according to the invention this .ethcd alL 
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lends itself to syntheses involving enzymatic reactions and 
specifically to an enzymatic synthesis of an oligosaccharide 
with a glycosyltransf erase. 

The invention also relates to a method of immobilizing a 
protein wherein the protein is attached to a solid support 
comprising a polymer according to the invention as described 
above . 



10 



Further, the invention relates to a method of performing 
chromatographic separations which comprises the use of a 
chromatographic resin comprising a polymer according to the 
invention as described above. 

15 In the following the polymer according to the invention is 
for short termed the PEGA resin or PEGA polymer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

20 Fig. 1 is a schematic representation of the PEGA polymer 
where the polyacrylamide backbones are shown vertically and 
the crosslinking PEG moieties are shown horizontally. 

Fig. 2 illustrates a fragment of the chemical structure of 
25 the PEGA polymer. 

Fig. 3 illustrates at the top the sequence 5 of the test 
decapeptide fragment from acyl carrier protein 65-74 
synthesized in the Example and below it a graph presenting 
transmission spectra of three of the acylation reactions and 
a HPLC trace of the crude product. 

Fig. 4 illustrates the large but limited swelling of the 
PEGA polymer. 

35 



30 



THE STRUCTURE OF THE PEGA RESIN 
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The PEGA polymer has a unique stmrh,^ 

nj-que srructure compared with othpr 
polymers due to the extreme i v k,-„k 

i w extremely high content of crosslinkina 

- — . allo „ s . high z^j^tt^^ 

very well defined bead size The ^ «- specxf lc and 

k 4.u size. The structure may be described 

b y the schematic. representation shown in pj. 1 
P0l y acr y . amiae backbones are shoun ^ £ 

Z r~-T: g "° ietieS Sh °" n h °"~«a ily . Branch 

pou.n^.a, are indicated by a dot. 

The good swelling ana the long and flexible chains y iela a 

= r y ield a resin which s^^ZTZ^ 

aL t" ; e " 9 ' " ater " acetonilile 
and trifluoroacetic acid, and unpolar solvents, e.g dich- 
loromethane and chloroform. 

Thus, the base and acid cfahio 

. aCld stabl « polymer according to the 

swell";/™ 0 " 1S <*»«««^ by "3 very powerful 
swelling potential in many solvents of verv different 

Llva^nl 6 - 9 - CR ' C1 ' " d — '~ -e high 

hZe ; PE rin y ti the ma3or poiymer com ™- 

PEG is d / -ivents. This amphipathic nature of 

PEG is due to its flexibility and ability to for, folded 

usTof aT : * 6ither P ° lar " ^ c surfaces. The 

PEG for th COntSnt (60 " 7 ° %) ° f " e " deflned 
PEG for the crosslinXing of the polymer result in a uniform 

and relatively large swelling volume (e. g 13 £old , ™ 
volume of the dry poller with PEG 1 9 00> inmost solvents 

strated in Fig. 4 where the folded PEG is behaving as folded 
springs which are stretched out completely by the W 
force of peg solvation to form a complete^ permease 
Polymer with large and uniform internal cavities a L ^ 



20 



WO 93/16118 PCT/DK93/00051 



for mass transport and chemical reactions to be carried out 
inside the polymer with kinetic parameters similar to those 
observed in solution. 

The extremely polar character, the swelling in water and the 
large pores of the gel-like polymer allows the use of enzy- 
mes in reactions on the support. Thus it was demonstrated 
that a p-l-4-galactosyltransferase could transfer galacto- 
syl-UDP to a resin bound N-acetyl glucosamine. These proper- 
ties are currently being further evaluated. 
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A fragment of the chemical structure of the polymer is 
presented in Fig. 2. Other types af spacers can be der- 
ivatized with acryloyl chloride and incorporated to introdu- 
15 ce the functional group, which can be an amino group, a 
carboxylic, phosphonic or sulfonic acid group, a mercapto 
or a hydroxy group, into the resin. Alternatively it may be 
omitted completely for a non f unctionalized resin. This can 
for example be applied in gel permeation chromatography, and 
the resin with charged groups can be applied in ion exchange 
chromatography. This is possible because this resin in 
contrast to other gel resins of the polydimethyl acrylamide 
and the polystyrene type is flow stable. 

25 The process for producing the polymer of the invention is 
unique in that an aminof unctionalized, flow stable, higi\: c 
swelling polymer with a constant swelling volume is obtained 
in a single radical polymerization step. The application of 
the efficient acrylamide-based radical polymerization allow 

30 the formation of completely uniform spherical beads with a 
narrow size distribution (175-200 pm) needed for fast solid 
phase chemical reactions carried out in the flow through 
mode. The polymer contains no ester bonds, and this is a re- 
quirement for a polymer which is used in a variety of 

35 chemical reactions involving strong and nucleophilic bases 
(e. g. piperidine or aqueous; solutions of alkali metal 
hydroxides) as well as strong acids (e. g. trif luoroacetic 
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Copolyroerization of bis-2-acr y iamidoprop-l- y i- PEG (1) 2 

acrylamidoprop-l-yitz-aminoprop-i-yii-pEG ^ \ 

^■im^^v. i , ^ F yiJ Hb(j 3oo (2) and N, N- 

diethyl a Cry l a . lde (3) afforded a resin fulf±1 [ ed 

most of the above critPria n~ ^ ea 

viol* k crxtena. Compound 1 was prepared in 67% 

yield by reaction of bis-2-aminoprop-l-yi- PEG dl „ nl - „ 
H .. nh1rtvl/s . . ^ v yj - ^^^1900 dissolved 

-n d.chlorometnane a nd triethylamine ( 2 egv. ) at 0 °c with 
acryloylchloride (2 ecv 1 Th= „ • - 

, n . „ q • ' ' The mix ture was filtered after 

30 mrn and concentrated to half the volume. Diethyl ether 
(4 volun.es, was ■«^ M , te ^ wnnr ^. 



small amount of e^n-hci. It was collected by filtration 
washed with diethyl ether, dried and characterised by 

11 eqv -» to "lethylamine and bis-2- 
ammoprop-l-yl-PEG,,, in dichloromethane was employed for the 

l2Z Z Ti° " ^ CO, " POUnd ^ Pr0dU " C ° Ula «* b * "ystal- 

20 c and d"" r rred *™ ""*« "her at 

20 c and decanted after cooling to -30 °c. Residual diethyl 
ether was removed in vacuo yielding 74% of product contai- 
ning one acrylamido- and one amino group for each peg 

•H ™T rdln9 ^ inte9 "« 0n ° f * 'H-NMR spectrum. 
H-NMR ln CDC1, relative to CHG1, . 7 . 30 ppm, 6 ppm (J 

^ L,? n r n ' ACrylamide; 6 - 33 (".0, 2H, CH,-trans,, 
5.64,10.0.2H. CH 2 -cis>, 6.19,17.0. 10.0, 2H, CH,- 2- 
amidopropyl;1.24(6.6, 6H, CH S ) ; 4.19-4.16(m. 2H CH ) 
3.50(6.6, 10.6, CH ; > 3.66,m, 190H, PEG), 2 had similar 
chemical shifts and integrated correctly. Et s M.„Gl 
could be removed from 1 by partition between CH^l, and 
water. The bisacrylamido-PEG„ 0 is insoluble in water 
and can therefore be removed from 2 before polymerize- 
tion. 

The syrup was estimated to ronton ,n 

contain approximately 15% of 

respectively the bisacrylamido- and the diami„o-PEG„!- 

derivatives . 300 
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The polymer was prepared in a granulated and in a beaded 
form both with a high content of PEG and with 20% N,N- 
dimethyl acrylamide added to avoid neighboring branching 
points in the acrylic polymer. The 20% of the mono amine 3 
5 was added to yield a substitution of approximately 0.1 
mmol/ml in the final swollen resin. Thus 1 (3 g), 2 (1 g) 
and 3 (1 mL) were dissolved in DMF ( 5 mL) and water (3 mL) . 
The solution was purged with argon for 15 min. Ammonium 
peroxydi sulfate (800 mg) in water (2 mL) was added. The 

10 solution was stirred for 5 min and then left for 5 h to 
polymerize. It was cut up and granulated through a fine 
stainless steel net with mask size 0.8 mm. Fines were 
decanted 3 times with ethanol (100 mL) . It was washed on a 
filter with water (100 mL), sodium hydroxide ( 1 M, 50 mL), 

15 water (200 mL), DMF (50 mL), and ethanol (100 mL ) and sucked 
dry. The resin was lyophilized affording 84% yield. The 
granulated resin swelled to 6 mL/g in DMF. It was swelling 
to a similar degree in dichloromethane, in TFA, in alcohols 
and in water, thus showing a wide scope for applications. 

20 

Alternatively the resin was prepared in a beaded form 
essentially as described by Kanda et al. 14 . The beaded 
polymer was treated as described above yielding 70% of fine 
beads swelling to 8 mL/g in DMF. The beaded resin was best 
25 handled as a slurry in DMF since the dry beads had a 
tendency to adhere to glass and metal, it did however not 
at all adhere to plastics and teflon. 
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The beaded resin (200 mg) was packed into a glass column and 
derivatized with Fmoc-Gly-O-Pfp and then 4- [Fmoc-amino( 2, 4- 
dimethoxyphenyl) methyl jphenoxyace tic acid, (4; Rink linker 15 , 
160 mg) by the TBTU procedure 16 . After 20 min Dhbt-OH was 
added indicating complete reaction, and acetic anhydride (40 
ul) was added. The resin was deprotected and the test 
decapeptide fragment from acyl carrier protein 65-74 (5; 
Fig. 3) was synthesized by the Dhbt ester method 17 on a 
custom made peptide synthesizer the reaction being followed 
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with a solid phase spectrophoto.eter^. m Fig . 3 transmis . 

T S ; 0n CUrV " S ^ ^ f ° r three ° f ablation reactions. 

The pept.de was isolated in 31 mg crude product yield by 

cleavage with 92% TFA, 3% anisole 1% EDT t * ^ • ■ , 

„ _ mw ' x * tDT ' 1% thioanisole 

and 3% H ; o. The recorded reaction times were compared to the 
reaction times for the same synthesis on the kieselguhr 
supported polyene resin" presented in brackets: Gly 2 
-in; Asn, 3 ,i„ (30 min,; He. 43 min ,60 min,; Tyr . 3 min 

5 .in ,,0 m in, ; Ala, 5 .in ,20 mi„, ; GI „, 10 min , 60 
Val 65 min (> !440 min). The iast addition of Val to Gin 
is known to be particularly difficult due to aggregation in 
the resrn allowin g_c.on, P ie.te-ac yJ .a-t-i- e ns-on-ly-wi-t h precautions 
and addition of hydrogen bond breaking agents. With the pega 
resin it was complete in 65 min. and HPLC and a.i„„ acid 
analysis and sequence analysis showed no presence of the 
desvaline peptide usually observed in these syntheses. 
Similar reaction times and results were obtained with the 
granulated resin. 



EXAMPLE 2 



Preparation of a b eade d 1900/3 00-pega t-^-^ 
25 Bis-acrylamidopropyl-PEG 1900 (1) 

Bis-amino P ropyl-PEG 1900 (300 g, 150 mmol, 300 mmol NH 2 ) was 
dissolved in triethylamine (41,7 ml, 300 mmol) and dichlo- 
romethane (350 ml) and acroylchloride ( 24 . 37 ml, 300 mmol) 
was slowly added with cooling at 0-15 - C over a period of 
40 min with efficient stirring. Then the mixture was stirred 
for 20 min. After filtration and washing with CH 2 C1 2 (100 
ml) the combined filtrate was evaporated at 10 and 0.1 torr 
(40 C). Et 2 0 (800 mL) was added . The product was st±rred 
and then cooled and allowed to crystallize at -78 - C with 
stirring and then left overnight at -20 - C . Filtration and 
grading up with more Et 2 0 (500 ml) followed by filtration 
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and washing with Et 2 0 ( 300 ml) afforded 308g of product. 
Monoacrylamidopropyl- ( aminopropyl ) -PEG 3<JO ( 2 ) 

5 Bis-aminopropyl-PEG 300 (100 ml, 0.5 mole NH 2 -groups) was 
dissolved in CH 2 C1 2 (50 ml) and acroylchloride (10 ml, 0.12 
mole) dissolved in CH 2 C1 2 (150 ml) was slowly added under 
argon at 0 'C with cooling on ice over a period of 90 min. 
The mixture was stirred for 20 min and evaporated first at 
10 torr and then at 0.1 torr to yield a thick syrup. This 
crude mixture was used for the polymerization. 

Polymerization 



10 



15 1 (150 g) and 2 (100 g) were dissolved in water (570 ml) 
stirring with a stream of argon. N, N-Dimethylacrylamide 
(fresh, 30 g) was added and flushing was continued for 5 
min. Hexane (1685 ml) and CC1 4 (1140 ml) were mixed in the 
polymerization apparatus and argon was flushed through. The 
20 apparatus was heated to 65-77 »C. (NH 4 ) 2 S 2 0 8 (4.2 g) in H 2 0 
(15 ml) was added to the aqueous polymerization mixture at 
20 °C with argon stirring. Sorbitan monolaurate (3.6 g in 
15 ml DMF) was added and the mixture was transferred to the 
apparatus stirring 550-600 rpm (T=50 °C). After 2 min 
stirring at 550 rpm N,N,N' ,N' -tetramethyl ethylenediamine 
(12 ml) was added and the stirring was continued while the 
temperature was increased to 65 °C. After 30 min the stir- 
ring was increased to 600 rpm and continued for 4 h. The 
resin was cooled and filtered in a 12 cm * 35 cm filter with 
a valve, washed with methanol (1 L) and water (2 L). It was 
passed through a steelnet, transferred back to the filter 
and washed with water (8 L) and methanol (2.5 L). The metha- 
nol may be removed by lyophilization. 
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Solid-phase Synthesis. Ge n eral Procedure. - Synthesis of the 
glycopeptides was performed in DMF with a custom-made, fully 
automatic, continuous -flow peptide synthesizer or by the 
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plastic svringp ^h ni - qnr , degr _.. . 

; hhs v cii described below ) usinn pfpi 

Lirr, <3 , e9U1V - ) " lth Dht,t -°» (1 «>uiv.) added as an 

5 T hes ; de T„ nU ^ " »**-««. <3 equiv.). 

The srdecharns were protected with Bu> for serine th ™„ ■ 

at 440 n m ,-, • solid-phase spectrophotometer 

10 ro-ow-d bv COUPlSd dire « ly °» « -sin 

ro ^ Cvvcd coupling of the RinU i^u. 

* ^ink-linker by the TBTU nro- 

ce u {413} The first amino coupiea ^ P™ 

amino groups were capped by addition of acetic anhydride 
before co.piin o^e.second-a^no-ac.d^fter-d eprotLtion 



of the . ueproiection 

Z2 " ±th dichl °— and lyophili 2e d over! 

tnl soiL s ° leaVa9e ° f PePtidS °* ^ ^copeptide fro. 

Of TFA wat ," aS Perf0r, " ed ^ trSatment "" h ' 

the t, SCa ™9 e " «• described in detail under 

20 on r dlVld : al P8P « d «- <*«™a. the resin was poured 

folio « h £lltar a " d " aShea th " e »«* TFA 

followed by 95% aqueous acetic acid. The combined filtrates 

were concentrated and the residue was solidified by sever 

sL vent diSthyl « h « was decanted, 

solvent was removed under reduced pressure and the peptide 
25 was purified by preparative HPLC. Peptide 

,-hanol wis adVd u til a wetTed Z^T™^ 0 ^ 
10 Th» wetted pH-paper indicated pH 11. 

The mixture was stirred at ambient temperature for 2 h 

ZV'T Sma " «*~" ° f S ° lid -centrated.' 

The residue was dissolved in water (1 mg cm ->, and pur±£led 

by preparative HPLC . y ea 

28 and glycopeptide 29 were synthesized by use of the 
Piastre syringe technique. „ hiC h is a simple and cheap 
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alternative to automatic peptide synthesizers. The technique 
is exemplified here with the synthesis of dipeptide, H-Asn- 
Phe-NH Z 28. A 20 cm 3 disposable plastic syringe A (without 
piston) was fitted with a sintered teflon filter (pore size 
5 70 p) and the outlet connected to the outlet of a 50 cm 3 
plastic syringe B via a teflon tube with luer adapters. 
Syringe B was used as a waste syringe to remove solvents. 
PEGA-resin (0.5 g, 0.07 mmol/g) was placed in syringe A and 
allowed to swell in DMF (10 cm 3 ) which was carefully added 
from the top and removed from the bottom by suction with 
syringe B. N a -Fmoc-L-Gly-0Pf p (49 mg, 0.105 mmol ) and Dhbt- 
0H (5.7 mg, 0.035 mmol) was dissolved in DMF (4 cm 3 ) and the 
mixture poured on to the resin. After coupling the resin was 
rinsed with DMF ( 8 x 4 cm 3 ) before N°-Fmoc deprotection. 
15 Piperidine in DMF (20%, 2 x 4 cm 3 ) was added to the resin in 
two steps. The first portion was sucked quickly through the 
resin followed by addition of the second portion, which was 
removed after 30 min. After thorough rinse with DMF (8x4 
cm 3 ) Rink-linker (57 mg, 0.105 mmol), TBTU (34 mg, 0.105 
20 mmol) and N-ethyl-morpholine (26 mm 3 , 0.21 mmol) was 
dissolved in DMF (4 cm 3 ) and added to the resin. After 2 h 
the resin was rinsed with DMF (8 x 4 cm 3 ) before N-Fmoc 
deprotection and coupling of N°-Fmoc-L-Phe-OPf p and N a -Fmoc- 
L-Asn-OPfp as described above. After final deprotection the 
25 peptide-resin was rinsed with dichloromethane and lyophili- 
zed before cleavage of the peptide from the solid support 
with TFA/ethanedithiol/thioanisol/anisol/water (67/1/1/2.7/- 
2.7) to yield crude dipeptide 28. 

30 H-Asn-Phe-NH. 2R a nd H-Asn( 2 . 3 . 6-tri-0-acet Y l-4-Q- ( 2 . 3 . 4 . 6- 
tetra-O-acetvl-B-D-oal actopvranosvll-B-D-alucopvranosyl^- 
Phe-NH-, 29. Title compounds 28 and 29 were synthesized by 
the plastic syringe technique as described. In the synthesis 
of 29 H-Phe-Resin was coupled with 27 (80 mg, 0.07 mmol) to 

35 give peptide-resin A. 

d-Ala-Ser-Thr-Thr-T hr-Asn(4-0-a-D-alucopvranosvl-B-D-alu- 
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^toM^. The soli d - phase synthesls „ as 

flow oeot d °" S CUSt ° m — de ' automatic, C o n ti„uous- 

a? d e;c" be e d SY : thesizer - ™-^° «- — 1 procedure 

as described above. PEGA-resin (0 5 a n nv w , 

=i m - 1 "' 3 9' 0.07 mmol/g) was 

5 used. Two equivalents of 7 (80 ma n nv ,x 

... lou mg, o.07 mmol were userf 

with one equivalent of Dhbt-OH ( 5 7 ma 0 , 

v U.035 mmol). Aft-^-r 

completed coupling (4 h) resl j,„, , tK 
n r*« y ' residual 7 was recovered (48 mo 

0.04 mrnol). d-Al a nine ua s lncorporated as < ^. 

t e TB ™ proce.ure.C413> After cle avage from ^ ± » 
(22 cm" Tr i0l/thl ° anlSOl/aniSOl ^« <"/^V2.7 /2 .7 
ether the ,.!" bl " ,t temPer " U - > and trituration with 
30^36 m ,7* CrUde hepta-0-acetate 

HPLC using 10% solvent 8 for 20 min, followed by a llnear 

rrr ^r 60 * soivent b ^ 100 < — - 

with sod yl6ld ** 30 ^ 11 "» (27 *>" 

float T m " hOXlde " dSSCrlbed ab ° Ve " * Puri- 

fication b y preparative HPLC using 0% solvent B for L min 
follow, b y a llnear gradlent of 0 _ 30% so ° 

7 an d Tab T e 8 % " "* " C ™* <«« Lie 

Ll tal reS P-«-^- Amino aci d analyses (theoreti- 

cal value in parenthesis,, Ala ! . 00 ( X ) , Asn 0 . 68 < 1 , Ser 
1-06 (1), Thr 4.17 (4), Tyr 0.89 (1) 
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PATENT CLAIMS 

1. A crosslinked polyethylene or polypropylene glycol con- 
taining polymer formed by radical copolymerization of deri- 
vatized polyethylene glycol or polypropylene glycol bis-end 
substituted with a moiety selected from the group consisting 
of acryloylalkyl, acryloylaryl , acrylamidoalkyl and acryla- 
midoaryl with an acrylic amide, nitrile or ester. 

2. A polymer according to claim 1 which is formed by 
copolymerization of a derivatized polyethylene glycol of the 
formula 



15 



0 




(NH) 




20 



25 



I 

wherein n is an integer of from 4 to 2000, q is zero or 1, 
and R is 

-<CR.' 2 ).-(C 6 R' 6 ) t -(CR' a ) u - 
where s, t and u each is zero or an integer of 1-10, and 
each R* is H, alkyl, aralkyl or aryl, said aralkyl or aryl 
optionally being ring substituted with alkyl, hydroxy, 
mercapto, nitro, amino, mono- or dialkylamino, or halogen, 
with an acrylic compound of the formula 



30 



35 



40 



\ 

( 

/ 
R 2 



III 



wherein R 1 is -CY-X-R 5 or -CN, and R 2 , R 3 and R 4 each is H, 
alkyl, aralkyl, aryl, -CY-X-R 5 or -CN, where Y is 0 or S, X 
is O, S or NR 6 , R 5 is alkyl, aralkyl or aryl, and R 6 is H or 
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R 5 , and optionally with 
functional groups for the att 
nucleotides or saccharides , 



spacer molecule comprisi 
achment of peptides, protei 



ns, 



5 3. A polymer according to claim o • k • 

spacer comprising f unct 9 ional ^J^LT^T^ * 
consisting of amino -lien selected from the group 

caoto ,,i7* alkylamxno, hydroxy, carboxyl, mer- 

capto, sulfeno, sulfino, sulfo and derivatives thereof. 

10 4. A polymer according to claim 2 wVch i „ * ■ 



15 



20 



CH, 



O 



:h — c — n 



CH, 



CH 3 



25 



30 



35 



and with a spacer molecule of the formula 



R 





1 I 

wherein m i s an integer of from 4 to 2000 and 

as defined for formula x i n claim 2 * ^ * *** 

of b A is P0 2 lY a mer r CCOrd±n9 " ° laim 4 WhlCh iS «-Pos«d of 60% 
ot Dis-2-acrylamidoprop-i-vl-PFr /iv ™ e 

d lmethyl ac r yl amide ( 3>. Y]PEG »° « 2 > and 20 * =« N.M- 
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6. A polymer according to claim 4 derivatized with any of 
the linkers normally used in peptide synthesis. 

7. A polymer according to claim 6 said linker being 4- 
[ f luorenylmethyloxycarbamido( 2, 4-dimethoxyphenyl )methyl] - 
phenoxyacetic acid of the formula 



CH 3 0 




CH3O NH-Fmoc 



15 



20 



4-hydroxymethylphenoxyacetic acid, 4-hydroxymethylbenzamide 
or 4-hydroxymethyl-3-nitrobenzamide. 

8, A solid support for continuous flow or batchwise synthe- 
sis of peptides said support comprising a polymer according 
to any one of claims 1-4. 



25 



9. A solid support for continuous flow or batchwise synthe- 
sis of oligonucleotides said support comprising a polymer 
according to any one of claims 1-4. 

10. A solid support for the synthesis of oligosaccharides 
said support comprising a polymer according to any one of 
claims 1-4. 



30 11. A solid support according to any one of claims 8-10 said 
support being suitable for synthesis by enzymatic reactions. 



35 



12. A solid support according to claim 10 for enzymatic 
synthesis of oligosaccharides with glycosyltransf erases . 



13. A solid support for the immobilization of proteins said 
support comprising a polymer according tc any one of claims 



93/16118 

PCT7DK93/O0OS1 

24 

1-4. 

Hla A Z Sln aPPllCa "° n in c-r6p.t09r.phic separations 

5 i:ilt: comprisin9 a poi ^ er ™^ - «- °* 



15. A 

a 



0 



m e t hod of continuous flow or batchwise synthesis of 

attache! t T **" PeP " de dUri " 9 thE ^nthesis is 
attached to a solid support comprising a poller accordino 

- any one cf claims 1-4 and at the end of the synthesis is 
cleaved from said solid support. 

A method Q .f_.continuous-f- 1 o»-or-batch C - ise synthesis of 



an oligonucleotide wherein the oligonucleotide during the 
synthesis is attached to a solid support comprising a 
polymer according to any one of claims 1-4 and at the end 
of the synthesis is cleaved from said solid support. 

17. A method of continuous flow or batchwise synthesis of 
an oligosaccharide wherein the oligosaccharide during the 
synthesis is attached to a solid support comprising a 
polymer according to any one of claims 1-4 and at the end 
of the synthesis is cleaved from said solid support. 

the A aCC ° rdin9 t0 ™* °- <* Claims 15-17 wherein 

the synthesis involves an enzymatic reaction. 

19. A method accordino to claim 17 

„, , 9 Claim 17 for enzymatic synthesis 

of an oligosaccharide with a glycosyltransfer.se. 

20. A method of immobilizing a protein wherein the protein 
is attached to a solid support comprising a polymer accor- 
amg to any one of claims 1-4. 

21. A method of performing chromatographic separations which 
composes the use of a chromatographic resin comprising a 
polymer according to any one of claims 1-4. 
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Polyethylene glycol (PEG) 



FIG. I 
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n = 45 5 m = 6 

R 6 = -C0-N(CH 3 ) 2 



FIG. 2 
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H-Val-Gln-Ala-Ala-I le-Asp-Tyr-I 1 e-Asn-C I y-NH 2 




FIG. 3 
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FIG. 4 
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